Steady state turbulent thermal convection between horizontal plates is considered. A single equation of turbulence together with a specification of the distribution of mixing length is applied. A two layer model is assumed, a sublayer where only molecular transport takes place and a
The problem considered here is steady state turbulent thermal convection in a horizontally infinite layer of fluid confined between rigid heat conducting plates, driven by a temperature difference between the plates. According to Turner [3] the transition to turbulence occurs at Ra ~ 1.4 x 10 4 Pr 0 · 6 , which has been verified for a large range of Prandtl number.
This problem has been treated both analytically and experimentally.
Kraichnan [2] studied theoretically the dependence of turbulent convection on Prandtl number. His approach is that of Prandtl's mixing length and a similarity theory. Three distinguished regions were recognized;
in the first, close to the boundary, molecular transport is dominant;
in the second, both molecular and turbulent transport are important;
finally still further out turbulent transport dominates. Chang [4] applied the principle of wave motion and proposed a three layer model. Howard [5] suggested a theory similar to Chang's, based on slow accumulation and fast break away of bulbs of warm fluid in the boundary.
Somerscales and Gazda [6] carried measurements of the heat flux and the mean temperature distribution for 5 < Pr < 18 and 10 7 < Ra < 4 x 10 8 ,
L
Deardorff and Willis 1 measured the properties of turbulent thermal convection in an air layer. 5 6 Rayleigh numbers of 6.3 x 10 , 2.5 x 10 and 10 7 were studied with a convection chamber designed to allow measurements to be taken along a horizontal path. Vertical profiles were presented of horizontally averaged temperature, r.m.s. fluctuations of temperature, horizontal and vertical velocities, total heat flux and other properties.
They confirmed the suggestion made previously by other workers, i.e., ( 2) The extensive work of Deardorff and Willis will be used for comparison to the numerical prediction, The temperature distribution is specified by the energy equation.
In absence of any mean motion this equation is written as
For the solution the turbulent heat flux w 1 T 1 has to be prescribed.
The boundary conditions are
The eddy diffusivity for heat is defined such that, ~sh 8T/8z = w T and sh is obtained from a prescribed mixing length and the kinetic energy of turbulence.
~,2
The kinetic energy of turbulence is defined as k = 1/2 u. The magnitude of ~ is defined as (5) 
By assuming equilibrium between the production and the dissipation, and applying Equations (6) and (7) one obtains (7) which states the Prandtl 1 s mixing length theory for turbulent transport of heat by the mean temperature field. This theory requires that
Conventionally, when there exists a momentum diffusivity, turbulent Prandtl numbers are defined such that (8) This much specification, together with a definition of the necessary constants and a prescription about the magnitude of the mixing length enables the solution of the problem. Here we assume that z up to z~ and a constant thereafter (9) which is identical to the assumption made by Kraichnan. The distance z~ beyond which the mixing length is a constant has to be determined from the experimental results.
Nondimensionalization of the Governing Equations
For the case of steady state conditions considered here, Equation (3) when integrated once becomes pc p (10) where q is the total heat flux which does not vary with depth. Using 0 Equation (10), the production becomes Further we assume that in the turbulent core, where Equation (4) 1s assumed to hold, the molecular transport can be neglected~ By making this assumption and applying Equations (5), (6), (8), (11) and (12) to Equation (4) one obtains (13) By applying Equation (2) Howard's theory which is based on an oscillatory conduction layer that extents to the midplace, leads to a frequency TH given by
If one assumes that the average thickness of the conduction layer is (Tia T ) 1 / 2 then H "" 1000 (16) Kraichnan recommended that the thickness of the conduction sublayer be taken as oK = L/2Nu 1 . As is the case with Howard's theory, this assumption requires that all the temperature drop to take place in the two sublayers. However, through Equation (1) Kraichnan also recommended that for Prandtl number larger than 0.1, only 64 percent of the temperature drop takes place in the two sublayers. By applying Equation (2) we have the sublayer thickness recommended by Kraichnan as a critical Grashof number given by "" 864 (18) Since this prediction also assumes that all the resistance is 1n the sublayers, therefore it can only be used as the upper limit for the thickness of the sublayer. where Ra 0 is to be determined from the temperature distribution that will be obtained using the one equation model. These recommendations will be compared after obtaining the distribution of the eddy diffusivity.
Solution
Equation ( (22) to take a value of 0.5. Some mixing length distributions other than 1 were considered.
An exponential distribution near the rigid boundary seemed to give satis~ factory results, however due to the need for the speci ion of another constant in the exponent, this distribution was not followed further. 
Conclusion

